At cardiac catheterization, the effect of isoproterenol on coronary blood flow was compared in six patients with normal coronary arteries and normal left ventricular function, and eight patients with angiographically defined coronary lesions. Coronary Received May 29, 1973; revision accepted for publication August 21, 1973. Circulation, Volume XLIX, January 1974 Coronary resistance with coronary artery disease.'-6 It has been suggested that technical limitations of available methods for quantitation of coronary flow may preclude detection of myocardial perfusion abnormalities due to coronary lesions.7 There have been few studies of the extent to which flow in diseased coronary arteries can increase in response to stress, and these have varied in their conclusions. 8' 9 Isoproterenol is a potent coronary vasodilator which increases coronary blood flow, cardiac output, and myocardial oxygen consumption. '-13 The purpose of this investigation was to compare the effect of intravenous isoproterenol upon coronary blood flow in a group of patients with normal coronary arteries and a group with angiographically demonstrable obstructive coronary artery lesions.
while total peripheral resistance decreased 29 4%. In the coronary disease group coronary blood flow increased 20 ml/100 g/min (33%) and cardiac output increased 2.8 liters/min (62%); coronary resistance decreased 26 + 9% and total peripheral resistance decreased 37 4%. In all normal patients the percent increase in coronary blood flow markedly exceeded the percent increase in cardiac output and the percent fall in coronary resistance markedly exceeded the percent fall in total peripheral resistance. In six of the eight patients with coronary lesions the percent increase in coronary blood flow was less than the percent increase in cardiac output and the fall in coronary resistance was less than the fall in total peripheral resistance. Thus measurement of coronary blood flow, cardiac output, and aortic pressure before and during isoproterenol infusion may permit differentiation of those subjects with physiologically significant coronary obstructions.
Additional Indexing Words:
Coronary artery disease Cardiac output MEASUREMENTS of coronary blood flow at rest have usually shown no significant differences between normal subjects and patients Coronary resistance with coronary artery disease.'-6 It has been suggested that technical limitations of available methods for quantitation of coronary flow may preclude detection of myocardial perfusion abnormalities due to coronary lesions. 7 There have been few studies of the extent to which flow in diseased coronary arteries can increase in response to stress, and these have varied in their conclusions. 8' 9 Isoproterenol is a potent coronary vasodilator which increases coronary blood flow, cardiac output, and myocardial oxygen consumption. '-13 The purpose of this investigation was to compare the effect of intravenous isoproterenol upon coronary blood flow in a group of patients with normal coronary arteries and a group with angiographically demonstrable obstructive coronary artery lesions.
Coronary blood flow xvas measured by selective coronary artery injections of xenon-133 and external monitoring of myocardial disappearanice curves 55 with a highly-sensitive, dual-probe, digital scintillation counter system.
Methods
Fourteen patients were studied during diagnostic cardiac catheterizations. Each was in the fasting state and had been premedicated with meperidine 50 mg and promethazine 50 mg intramuscularly. A short polyethylene cannula was placed in the left brachial artery via a percutaneous needle puncture and catheters were inserted into the right brachial artery and vein through a cutdown. After measurement of right and left heart pressures, cardiac outputs were obtained with the dye-dilution technique, utilizing indocyanine green as the indicator. With the patient in the right anterior oblique position, cineventriculography was performed by power injection of 40 to 50 ml of meglumine diatrizoate into the left ventricle through a #8 NIH catheter. Selective coronary cineangiography by the Sones technique14 was performed in all subjects. A General Electric 9"-6" image intensifier system and 35-mm film exposed at 60 frames per second were employed for the cineangiograms. Multiple projections of each coronary artery were obtained. The films were reviewed by several observers who agreed they were of adequate quality for accurate morphologic diagnosis. Ventriculograms were analyzed for localized wall motion abnormalitiesl5 and ejection fractions were obtained by planimetry of tracings made from end-diastolic and end-systolic frames. 16 After completion of the angiograms a 15-minute rest period was allowed. Previous studies indicate that this is an adequate period for recovery from effects of the angiographic contrast material.'7 Coronary blood flow was then measured by injection of 150-300 ,Ci of '3Xe dissolved in 0.5 ml of saline, into the right or left coronary orifice with the patient lying flat. Immediately after the injection, the catheter was flushed with 4 ml of saline and withdrawn from the coronary orifice.
Disappearance curves of that portion of the injected "1.Xe taken up by the myocardium were measured with 2 Picker 628-018 low-energy probes containing thalliumactivated sodium iodide crystals 1.5 inches in diameter and 1/4 inch thick. These probes are 99% efficient for a33Xe and each has a cylindrical lead collimator with a 1-1/8 inch aperture.
The two probes wvere calibrated with a 133Xe source so that each gave identical counting rates at all counting rate levels applicable to this study. One probe was positioned vertically, directly over the fluoroscopically-determined center of the left ventricle. The other probe was placed over the right chest and angled outward at 200 from the vertical to record only over the right lung. The curves were processed with a digital unit consisting of a Picker 628-145 dual-rate computer which includes two fast 5-decade scalers with buffer storage units and a high-speed, parallel entry printer. A 2-channel pulse height analyzer with base set at 100, a window of 200, and a range set at 0. On the basis of the coronary angiograms the patients were divided into two groups. A group of six patients, three men and three women aged 35-61 years, had no significant obstructive coronary lesions. They included four patients catheterized because of atypical chest pain in whom no cardiac abnormalities were detected, one patient (LL) with a prolapsed posterior mitral valve leaflet, and one patient (RT) with atypical chest pain who had an isolated distal stenosis of the first diagonal branch of the left anterior descending artery.
All patients in this group had no wall motion abnormalities and an ejection fraction of at least 55%. In one patient in this group flows were obtained in both coronary arteries and the results averaged for statistical comparisons. lodged in epicardial fat rather than in myocardium. 20 Although it is likely that a slow myocardial component is present,8 it is apparently a small fraction of the total flow and difficult to detect by the bolus disappearance technique. Reports of substantial slow flow components with intracoronary injection'9 may be influenced by failure to allow for lung counts as noted above.
It has been postulated that "'3Xe injected into a coronary artery will preferentially enter normal regions and fail to enter diseased regions. If so, flow measurements would wholly or predominantly reflect flow only in relatively normal regions.7 However, using a multiple-crystal scintillation camera technique for estimation of regional flow, Cannon et al. 22 have recently established that "33Xe does diffuse into diseased regions. Therefore, the disappearance curves measured in this study should reflect an average flow in both diseased and nondiseased regions of the left ventricular myocardium. Although subtle redistribution of flow could have been missed, the study was undertaken on the postulate that relatively large alterations in average left ventricular coronary flow would ensue and that Myocardial disappearance curves in a normal subject. Semilogarithmic plots of the initial resting and isoproterenol curves in a subject (MF) with normal coronary arteriograms. Counts per minute (CPM) are plotted to 15% of the initial value.
significant differences between normal subjects and those with coronary disease could be expected.
Results Figure 1 is a semilogarithmic plot of a disappearance curve in a patient with normal coronary arteries. Counts from each of the two probes are plotted separately and the estimated myocardial counts derived by subtracting the counts obtained with the probe-over the lung from the simultaneous counts obtained with the precordial probe are also shown. Figures 2 and 3 are semilogarithmic plots of the myocardial disappearance curves at rest and during isoproterenol infusion in a subject with normal coronary arteries and a patient with coronary artery disease, respectively. In every Abbreviations: CO = cardiac output (liters/min); HR = heart rate (beats/minute); APS/D = aortic pressure systolic/diastolic (mm Hg); TPR = total peripheral resistance (dyne-sec/cm5); CBF = coronary blood flow (ml/100 g/min); CR = coronary resistance/100 grams (X 104 dvne-sec/cm5/100 g); R = right coronary artery; L = left coronary artery; SD = standard deviation; P = p value for unpaired group comparison of control versus isoproterenol means; NS = P > 0.05. percentage increase in coronary blood flow markedly exceeded the percentage increase in cardiac output. In contrast, measurements in six of the eight patients with coronary artery disease exhibited a smaller percentage increase in coronary flow than the percentage increase in cardiac output. Figure 5 illustrates the relationship between the percentage change in coronary resistance/ 100 grams and the percentage change in total peripheral resistance in both groups. The line of identity represents those values at which the decrement in coronary resistance is equal to the decrement in total peripheral resistance. In the six patients with normal coronary arteries the percentage decrease in coronary resistance markedly exceeded the percentage decrease in total peripheral resistance. In six patients with coronary disease the decrement in coronary resistance was Relationship between change in coronary resistance and change in total peripheral resistance. The percentage change in coronary resistance per 100 grams of myocardium due to isoproterenol is plotted as a function of the percentage change in total peripheral resistance in the same subjects shown in figure 4 . An identity line which demonstrates those points where the percentage decrease in coronary resistance is equal to the percentage decrease in total peripheral resistance is shown. 
